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Abstract—Utilizing the holography theory, a bidirectional
wideband leaky wave antenna in the millimetre wave (mmW)
band is presented. The antenna includes a printed pattern of
continuous metallic strips on an Alumina 99.5% sheet, and a
surface wave launcher (SWL) to produce the initial reference
waves on the substrate. To achieve a bidirectional radiation
pattern, the fundamental TE mode is excited by applying a
Vivaldi antenna (as the SWL). The proposed holographic-based
leaky wave antenna (HLWA) is fabricated and tested and the
measured results are aligned with the simulated ones. The
antenna has 22.6% fractional bandwidth with respect to the
central frequency of 30 GHz. The interference pattern is designed
to generate a 15 deg backward tilted bidirectional radiation
pattern with respect to the normal of the hologram sheet. The
frequency scanning property of the designed HLWA is also
investigated.
Index Terms—leaky wave antennas, holography theory, surface
waves, frequency-scanning, millimetre wave.
I. INTRODUCTION
Leaky wave antennas (LWAs) are considered as a promising
candidate to be applied in the millimetre-wave (mmW) band
due to their high-gain and relatively simple feeding network
with the inherent frequency-scanning capability. Their radia-
tion mechanism is based on the leakage rate from a surface
wave (SW) bounded in a medium. This leakage ends up
with an electromagnetic aperture that defines the radiation
characteristics such as direction of the beam and gain. As
a result, the LWA implementation is nothing but designing
an appropriate aperture from the structure in hand and to
excite the aimed SW on it toward the direction of interest by
applying a proper feed line commonly known as the surface
wave launcher (SWL).
According to the velocity of waves in a guided medium
that is higher or less than the speed of light, fast waves and
slow waves are defined respectively. Fast waves are can lead
to an “improper” leakage [1] of the SW, which is required
to meet the propagation condition. To achieve an LWA from
a substrate that supports slow waves, a periodic pattern of
scatterers is needed to generate the space harmonics which can
be analysed by the Floquet theorem [2]. The resulted radiating
structure is the so-called periodic LWA (PLWA).
In the traditional PLWAs, the repeating distance of scatterers
is controlled in a way that one (or more) of the space
harmonics are located in the fast-wave region which ultimately
defines the direction of beam. However, it is possible to
deal with LWA design from an opposite angle, i.e. by first
considering the direction of desired beam and then, defining
the scatterer pattern based on that information.
Holography theory, originating from the optics, relies on the
direction of excited SW on the substrate and the direction of
aimed radiating beam to calculate the hologram pattern on the
supporting substrate [3]. The initial SW is “reference wave”
(
−→
E ref ), and the aimed radiating waves toward the direction
of interest is obtained by defining an “object wave” (−→E obj)
from a source located at the infinite incidents toward the sheet.
The calculated scatterer pattern on the substrate represents the
holographic leaky wave antenna (HLWA). By interfering the
phase lines of −→E ref with the map of −→E obj on the supporting
substrate, a pattern of phase lines is obtained. It is possible
to sample these phase lines by printing a set of metallic
scatterers on the substrate based on the interferogram pattern.
The reported variations of scatterers can be divided in three:
continuous metal strips [4], [5], [6], hertzian dipoles [7], [8],
[9], and the metasurfaces [10], [11], [12], [13]. Among these
options, the third one has attracted lots of attention due to
accurate sampling, control on polarization, and the inherent
flexibility it offers. However, continuous metal strips still play
an important role in the design of modern HLWAs [3], [6].
Comparing with the other two, their immediate advantages is
the simplicity of calculation while the resulting performance in
terms of achieved gain and the accuracy of pointed direction is
similar to or even better than metasurface and dipole scatterers.
As a travelling SW on the substrate, the −→E ref is in two
general forms of TE and TM modes. A substrate without the
metallized ground plane supports TE waves while the one with
ground plane is suitable for TM propagation. It is shown that
all modes are in a hybrid form [10], but to have an almost pure
mode on the substrate, the first step is to select an appropriate
SWL to excite the interested mode. Vivaldi antennas are well-
known to generate TE waves while the monopole antennas
end up in TM mode on the substrate; other types of SWLs
are reported in [3], [6], [13]. TE reference waves result in
bidirectional radiation from the HLWA in hand owing to the
absence of the ground plane. As an example, recently [14]
proposes a metasurface-based HLWA with bidirectional radi-
ation pattern in the microwave band. By applying continuous
metallic strips, [15] presents a bidirectional broadside HLWA,
and [16] provides the electromagnetic modelling of that, both
fed by a bulky horn antenna as the SWL.
In this paper, a fully printed wideband bidirectional HLWA
in the mmW band by utilizing of the continuous metal strips
is presented for the first time and its frequency-scanning
capability is studied.
II. HOLOGRAPHIC-BASED LWA DESIGN
A. Initial Considerations
The hologram pattern is obtained considering the influence
of both reference and object waves on the sheet. The manipu-
lation process is divided into two steps of “recording” and the
“reconstruction”. The first step is to capture the interference
pattern of −→E ref and −→E obj . The second step is to apply a SWL
on the substrate in order to generate −→E ref on the calculated
hologram sheet to reconstruct −→E obj .
It is shown in [3], [6] that to excite the SW on a dielectric
slab, the substrate permittivity should be high enough in a way
that propagating waves properly latched into the substrate. In
addition, the dielectric loss should be as low as possible to
result in appropriate radiation efficiency. These issues become
more important for mmW-HLWA design since directly effect
on the aperture illumination. As a result, Alumina 99.5% is
chosen as the supporting substrate with r = 9.9 and extremely
low tan δ. The substrate thickness is also preferred to be larger
than λref/10 with λref as the effective wavelength of the
excited −→E ref .
The design frequency of operation is chosen to be f =
30 GHz as a promising band to be allocated in the fifth-
generation (5G) networks for delivering point to point con-
nections like wireless backhauling [17] that requires high-
gain antennas with directional radiation pattern. Based on
the selected frequency and the above-mentioned criteria, the
substrate thickness is considered h = 0.254 mm. It must be
noted that, dielectric constant and thickness of the substrate
would define the effective λref that should be taken into
consideration throughout the recording process.
B. Recording Process
The hologram sheet size is chosen to be 80×90 mm2, large
enough to contain number of reference wavelengths, placed on
the x−y plane. Thanks to the ignorable tan δ of the Alumina,
radial reference waves from an ideal feed located at the origin
with phase constant of βr = 2pi/λref , is described as follows;
−→
E ref = Ae
−jβrr, (1)
where r =
√
x2 + y2 and A is the wave amplitude.
Regarding an object wave from the open space toward the
sheet aligned at the angle (θm, φm) in a standard right-hand
co-ordination system, the map of −→E obj phase lines on the sheet
is obtained using the following equation.
−→
E obj(x,y) = Be
jk0{sin (θm) cos (φm)x+sin (θm) sin (φm)y}, (2)
where B is the amplitude and k0 is the wave vector of the
object waves.
The object waves is chosen to be directed toward (θm =
15 deg, φm = 270 deg) at the operating frequency of 30 GHz.
Under this circumstance, the superposition of (1) and (2) lead
Fig. 1. The “Recording” and “Reconstruction” process of calculating the holo-
gram sheet for an HLWA with radiation beam toward (θm = 15 deg, φm =
270 deg).
to the hologram pattern. The “Recording” process is illustrated
in Fig. 1.
C. Reconstruction Process
To build the calculated hologram on the substrate, metallic
strips are applied. These strips shorten the SW’s E-field lines at
their specific position, providing the roots of the interference
pattern. As a result, the manipulated hologram will possess
an interference pattern with reduced phase information. Uti-
lizing this approach, the remaining phase information is lost.
However, the sampled E-fields are quite enough to make the
radiation pattern accurately pointed to the direction of interest.
Hence, printing the metallic continuous strips at the local
maxima of calculated interference phase lines on the dielectric
slab, accompanied by designing an appropriate SWL to gen-
erate the initial SWs is the “Reconstruction” process shown in
Fig. 1.
D. Hologram Realization
In order to form a bidirectional radiation from the sheet,
the reference wave should be a TE mode SW, therefore a
Vivaldi antenna is designed as the SWL. The flares-curve
are shaped in a way that the antenna operates at the central
frequency of 30 GHz with maximum possible bandwith in
the structure including the hologram scatterers as well. The
designed HLWA based on the calculated interference pattern
of Fig. 1 is presented in Fig. 2. The parameter size are wf =
0.245 mm, gf = 3.75 mm, pf = 1.75 mm, qf = 1.41 mm,
ff = 4.79 mm, ws = 2 mm, lH = 17 mm. Among these
parameters, the last two will severely effect the constructed
beam, need to be explored more.
Comparing to the initial sheet size of Fig. 1, the hologram
dimensions is increased toward the −aˆy by the value of lH
(see Fig. 2). This extra space result in proper response of
the hologram to the scattered waves from the metallic strips
Fig. 2. The proposed HLWA based on the calculated interference pattern. (a)
schematic view, (b) fabricated.
located in front of the SWL. Without this expansion, the
hologram would have unwanted beams around the x− axis.
The other important parameter is the width of the metallic
strips (ws). It is shown in [6] that the strip’s width has a
direct influence on the reference wave number (λref ). In order
to accurately point the beam towards the targeted direction,
this effect must be considered prior to the design process.
Without this consideration, the final radiation pattern would
vary by several degrees comparing to the initial theoretical
value. As a result, the optimal value of strip widths is obtained
as ws = 2 mm to have the proper leakage.
Finally, it must be noted that to embody the physical
structure of the designed HLWA, the closest metallic strip to
the SWL shown in Fig. 1 is eliminated, providing the room
for the Vivaldi placement. As a result, the number of strips in
Fig. 2 is one less than that of Fig. 1.
III. RESULTS AND DISCUSSIONS
A. Leakage Performance and the Reflection Coefficient
The bidirectional E-field leakage from the proposed HLWA
at the operating frequency of f = 30 GHz is simulated by
ANSYS HFSS and presented in Fig. 3. As it is clear from
the figure, as long as the generated SWs surf the substrate, an
“improper” leakage is shaped toward the direction of interest.
The SWL is designed in a way that the maximum possible
bandwidth for this hologram is achieved. The simulated (CST
Fig. 3. The mechanism of bidirectional leakage toward the direction of interest
from the designed HLWA at f = 30 GHz.
Fig. 4. The simulated and measured S-parameter.
MWS) and measured S-parameters are shown in Fig. 4.
This figure indicates 22.6% (21.3%) measured (simulated)
fractional bandwidth from 25.9 GHz to 32.7 GHz (26.2 GHz
to 32.6 GHz) with respect to the central frequency of 30 GHz
expressing the wide-band performance of the antenna.
B. Radiation Characteristics
The simulated radiation patterns of directivity at different
frequencies of the operating bandwidth are illustrated in Fig. 5.
This figure shows that the designed hologram sheet has an
accurate response upon the SWL, properly directs the final
beam to the aimed angle of θm = 15 deg, φm = 270 deg
(and its directional mirror against the θ = 90 deg axis)
at f = 30 GHz. The frequency scanning is also observ-
able from the figure with a main beam point ranging from
θm = 30(150) deg at f = 26.5 GHz to θm = 6(174) deg at
f = 32.5 GHz. According to this figure, the constructed beam
Fig. 5. The constructed bidirectional radiation pattern of the directivity at different frequencies.
Fig. 6. The radiation/ total efficiencies and the realized gain versus frequency.
is relatively narrower across the θ angles than φ. This issue can
be described in this way: the feed is launching SWs along the
y− axis more powerfully than along the x. Consequently, the
generated aperture area is distributed more effective along the
y− axis, leading to a narrower beam toward the θ direction.
The radiation efficiency, total efficiency, and the realized
gain are shown in Fig. 6. The maximum realized gain of the
designed HLWA is 18.4 dBi occurred at 32.5 GHz.
IV. CONCLUSION
A wideband bidirectional holographic-based leaky wave
antenna was introduced in this paper. With the structure lying
on x − y plane, the interference pattern was designed to
have two tilted beams at 30 GHz; one toward θ = 15 deg,
φ = 270 deg and the other to θ = 165 deg, φ = 270 deg.
Thanks to the wideband performance of the designed surface
wave launcher, the calculated hologram has more than 6 GHz
bandwidth around the operating frequency. The beam direction
varies 24 deg at both directional sides while the frequency
changes from 26.5 GHz to 32.5 GHz where the maximum
realized gain of the designed antenna is achieved (18.4 dBi).
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